US009529891B2

12 United States Patent 10) Patent No.: US 9.529.891 B2

Daly et al. 45) Date of Patent: Dec. 27, 2016
(54) METHOD AND SYSTEM FOR RAPID (56) References Cited
SEARCHING OF GENOMIC DATA AND USES .S PATENT DOCUMENTS
THEREOF T -~
_ _ 6,633,817 Bl 10/2003 Walker et al.
(71)  Applicant: KBioBox Inc., Worcester, MA (US) 6,691,109 B2  2/2004 Bjornson et al.
6,728,960 Bl 4/2004 Loomans
(72) Inventors: Kristopher Edward Daly, Worcester, ;jg?gjgg? E% ggg}? ElorngViS’flet -‘:11*1
: . 112 , , ourdoncle et al.
MA (US); Kurtis Phillip Stephens, 8.583.655 B2 112013 Elzinga
Worcester, MA (US) 2004/0059721 Al  3/2004 Patzer
2006/0286566 Al1* 12/2006 Lapidus .................. GO6F 19/22
(73) Assignee: KBIOBOX INC., Worcester, MA (US) 435/6.11
2008/0222094 A ® 0 9/2008 CQX ........................ GO6F 19/22
(*) Notice: Subject to any disclaimer, the term of this 2009/0063471 Al 3/2009  Erickson
: : 2009/0081675 Al* 3/2009 Colston, Jr. ............ C12Q 1/701
patent 1s extended or adjusted under 35 435/6.1%
U.S.C. 154(b) by 343 days. 2009/0270277 Al 10/2009 Glick et al.
2010/0029498 Al1* 2/2010 Gnuke ....oovoeo.n. . C12Q 1/6869
(21) Appl. No.: 14/341,474 506/9
2012/0004111 Al 1/2012 Colwell et al.
(22) Filed: Jul. 25, 2014 (Continued)
(65) Prior Publication Data OTHER PUBILICATIONS

US 2015/0039614 Al Feb. 5, 2015

Wu et al., “Fast and SNP-tolerant detection of complex variants and

splicing 1n short reads”, Biomformatics, vol. 26, 1ssue 7, pp.
873-881, 2010, Oxford University Press.™

Related U.S. Application Data (Continued)

(60) Provisional application No. 61/838,600, filed on Jul.

Primary Examiner — Michael Hicks
25, 2013.

(74) Attorney, Agent, or Firm — Sean D. Detweiler, Esq.;
Morse, Barnes-Brown & Pendleton, P.C.

(51) Int. CL

GO6F 7/00 (2006.01) (57) ABSTRACT
Gool’ 17/30 (2006.01) A method, apparatus and system for transforming genomic
(52) U.S. CL data 1into a computer database environment comprising a

CPC ... GO6F 17/30598 (2013.01); GO6F 17/30312 torward lookup table and a plurality of reverse lookup tables

(2013.01); GOG6F 17/30386 (2013.01); GO6F which relate consecutive overlapping reference sequence
17/30424 (2013.01) segments to reference sequences stored in the forward

(58) Field of Classification Search lookup table enables rapid and precise matching of unde-
fined biological sequences with reference sequences.

None
See application file for complete search history. 27 Claims, 18 Drawing Sheets
Transtorming genomic data 200 l
recerved by parsing each .
reference sequence Receive at least one query Output al least one
122 sequence string {(length L) reference sequence that
: 210 matches the at least one
120 7 ¥ 130 y query sequence
(’1{ eal: t Em;f ”[1 fnrw?rd Select at least a first RLL in 290
L;Zfej]e};je te me:il Moving one character at a time database w largest
©F qd“ © along Y, from offset 0 to offset 1 preselected A <= L
recelv .
E"} , ; =Y - k, generate a k-tuple of & 220
- === characters untit Y — A + 1 &- X
tuples generated ‘Fransform at tcast onc query
132 sequence mto at least Jirst set
l of L/k consecutlive nonm-
Transforming each reterence . : averlapping query sequence
. Create record in RLt & for every scgmcnts
sequence w/ Y characters o -
. . k-tuple gencrated storing A- 230
intoY — &+ 1 k-tuples and + . =
. tupte, powter to record m FLt Y
corresponding offsets from I S o | s ,_
containing £-tuple, and offset Quety at least [irst set ol L/%
=0to I =Y — £ where each o | . . f ,
. mdicating character position in consecutive non-overlapping
ik-tuple contams & . . _
: Y at which A-tuple begins (JUETY Sequence segments
characters, and £ 15 a = . 1 _
e 134 agamnst cach setotY - 4+ 1
preselected positive integer - . L.
consecutive overlapping
query sequence segments o
Repeat steps 132 and 134 for the first RjL-i selected for
cach reference sequence w/'Y matching reference and query
characters i the FLt 3CUENCE segments
136 240




US 9,529,891 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2014/0200166 Al 7/2014 Van Rooyen et al.

OTHER PUBLICATIONS

Gnirke et al., “Solution hybrid selection with ultra-long oligonucle-

otides for massively parallel targeted sequencing”, Nature Biotech-

nology 27, pp. 182-189, 2009, Macmillan Publishers Limited.*

Miller et al., “Assembly algorithms for next-generation sequencing
data”, vol. 95, Issue 6, pp. 315-327, Jun. 2010, Elsevier Inc.*
Huang et al., “Application of a superword array in genome assem-
bly”, Nucleic Acids Research, vol. 34, Issue 1, pp. 201-205, 2005,
Oxford University Press.™

Hyatt et al, “Prodigal: prokaryotic gene recognition and translation
initiation site identification”, BMC Biomformatics, 11:119, 2010,
BioMed Central Ltd.*

Fitch, et al., “Rapid Development of Nucleic Acid Diagnostics,”
Proceedings of the IEEE 90(11): 1708-1720 (2002).

Ning, et al., “SSAHA: A Fast Search Method for Large DNA
Databases,” Genome Research 11: 1725-1729 (2001).

DeSantis et al.., “Simrank: Rapid and sensitive general-purpose
k-mer search tool,” BMC Ecology 11(11): 1-8 (2011).

Ensembl. Ensembl FTP Download [online|Mar. 23, 2009 [retrieved
Jan. 9, 20135]. Available on the internet: <URL: https:/ /web.archive.
org/web/2009032307 431 O/http:/ /www.ensembl.org/1 nfo/data/ftp/
index.html>.

International Search Report for International Application PCT/
US2014/48265, dated Jan. 22, 2015.

* cited by examiner



U.S. Patent

100

Dec. 27, 2016

Receive genomic data
comprising reference
sequences (string length Y)

119

;

Transform genomic data to
construct forward lookup
table (FLt)

w/ reference sequences

120

Construct plurality of
reverse lookup tables (RLt)
cach relating A-tuples
(preselected string length &
which differs tor each RLt)
to FLt reference sequences

130

Storing the FLt and
plurality of RLts in
computer readable medium

140

FIG. 1

Sheet 1 of 18

FLt

120

US 9,529,891 B2

K LMNOPQRSTUV

ORGANISM

ZYXWVUTSRQPON

F

RLL A& kb =2¢
k-tuple poter oftset {I,)
ABCDEFGH D] ()
BCDEFGHT | D)
CDEFGHIJ 1D1 2
RLt k k=4
k-tuple pointer oftset (1)
(
I
2
RLt & =2
_ N |
k-tuple pomter oftset (1}
0
1
]
2




U.S. Patent Dec. 27, 2016 Sheet 2 of 18 US 9,529,891 B2

Transforming genomic data
recetved by parsing each
reference sequence
122

120 l 130

E— Create record 1n forward
lookup table for each
reference sequence

received
124

Moving one character at a time
along Y, {from offset O to offset |
=Y - k, generate a k-tuple of &
characters untill Y — £+ 1 -
tuples generated
132

Transforming each reference
sequence w/ Y characters
intoY — £+ 1 &-tuples and

corresponding offsets from I

=0 to1=Y — £, where each

k-tuple contains .
characters, and £ 1s a
preselected positive integer

Create record 1n RLt & tor every
k-tuple generated storing k-
tuple, pomter to record 1n FLt

containing k-tuple, and offset
indicating character position in
Y at which k-tuple begins
134

Repeat steps 132 and 134 for
each reference sequence w/ Y

characters in the FLt
136

FIG. 2



U.S. Patent Dec. 27, 2016 Sheet 3 of 18 US 9,529,891 B2

200

Receive at least one query Output at least one

sequence string (length L) reterence sequence that
210 matches the at least one

query sequence
Select at least a first RLt 1n 290

database w/ largest
preselected £ <= L

220

Transform at least one query
sequence mnto at least first set
of L/k consecutive non-
overlapping query sequence
segments
230

Query at least first set of L/&
consecutive non-overlapping
query sequence segments
agamst eachsetof Y - k+ 1
consecutive overlapping
query sequence segments 1n
the first RLt selected for
matching reference and query
sequence segments

240

FIG. 3



U.S. Patent

Dec. 27, 2016

240

Query at least first set of L/k
consecutive non-overlapping
query sequence segments
against each setof Y - £+ |
consecutive overlapping
reference sequence segments in
the first RLt selected for
matching reference and query

sequence segments
240

Reconstruct matching reference
sequence segments for each
species mto a reconstructed

sequence
242

Determine whether gaps remain
in reconstructed sequence for
cach species
244

When no gaps remain, output
report w/ at least one reference

sequence matching at least one
query sequence
246

Sheet 4 of 18

US 9,529,891 B2

When gaps remain,
determine length k&, and
offset 7, for each gap in

reconstructed sequence for

cach species
248

Perform
shiding
matching,
permutative
matching,
or hybrid
matching
algorithm to
fill gaps
286

Fill gaps
w/ second
RLt in
database w/

preselected
k, <
preselected
k

230

Output report w/ at least
one reference sequence
matching at least one query

sequence
292



U.S. Patent Dec. 27, 2016

250

Select at least a second RLt 1n
database w/ largest preselected
k, value < preselected £ value

252

Transform query sequence 1nto
at least second set of L/k,
consecutive non-overlapping

query sequence segments
254

Partition each gap in
reconstructed sequence for each
species into k,/k, consecutive
non-overlapping gaps each w/
character length 4, and offset I,

256

For each k,/k, partitioned
consecutive non-overlapping
gap, query second set of L/k,
consecuttve non-overlapping

query sequence segments

against each consecutive
overlapping reference sequence
segment 1n second RLt selected
having offset I, = offset 1,, for
matching query and reference

sequence segments
258

Insert each matching reference
sequence segment to fill gaps

in reconstructed sequence at
offset I,
260

Sheet 5 of 18

When no gaps
remain,

output report
2406

US 9,529,891 B2

Determine whether gaps remain

in reconstructed sequence for

cach species
244

When gaps
remain,
determine
length &, and
offset /; for
each gap in
reconstructed

sequence for
cach species
264

Fill gaps w/

third RLt 1n

database w/
preselected &;
< preselected

k2
270

Pertorm
sliding
matching,
permutative
matching, or
hybrid
matching
algorithm to
till gaps
286

Output report w/ at least one
reference sequence matching at

least one query sequence

292

FIG. 5




U.S. Patent Dec. 27, 2016

270

Select at least a third RLt in
database w/ largest preselected

k, value < preselected &, value
272

Transform query sequence into
at least third set of L/,
consecutive non-overlapping

query sequence segments
274

Partition each gap 1n
reconstructed sequence for each

species Into &,/k; consecutive
non-overlapping gaps each w/
character length k; and offset I,

276

For each &,/k, partitioned
consecutive non-overlapping
gap, query second set of L/,
consecutive non-overlapping

query sequence segments

against each consecufive
overlapping reference sequence
segment 1n third RLt selected
having offset I, = oftset 1, for
matching query and reference
sequence segments
278

Insert each matching reference
sequence segment to fill gaps
1n reconstructed sequence at
oftset I,
280

Sheet 6 of 18

Determine whether gaps remain
in reconstructed sequence for

cach species
244

When gaps
remain.,
determine
length &, and
offset I, for
each gap in
reconstructed
sequence for
cach species
282

When no gaps
remain,

output report
246

Perform
sliding
matching,
permutative
preselected £, matching, or

< preselected hybrid
k. matching
284 algorithm to
fill gaps
286

Fill gaps w/
fourth RLt in

database w/

Output report w/ at least one
reference sequence matching at
least one query sequence

292

FIG. 6

US 9,529,891 B2



U.S. Patent

e ale st e she s S Si se pal

Dec. 27, 2016

'
L R N N Y
LI R . S O O D

A il
I T N N S N W

E)
L] I.‘b*b‘b'b'b'b'b'b'k'b'b'b‘ . N b'b'b'b'b'b'b'b'}‘b'b b
a h ki F bk r ke r b

Sheet 7 of 18

3 W

dnianng SN ishzanen o

" kb FhF R R b*l*b*l*b*I*b*l*b*l*b*l*b*l*b*l*b*l*b*l*b*l*b*l* .
" 7 7 " m m m ®m E E E E E E E E ¥ S E E S S ®E S ®E E S S ®E E S E®EE S ®®

e
.
". .- ﬂ :J.:-
*: t&ﬂ’ﬁ-iﬁ}# n
v
X
LA
" .

K . ﬂ . ==_'.-r—.*? _
it SeNuINce  ©
A s
e :3!"?1:! Li-’?- 3] o
:-:r.-:l b:l
o o
3:5:*' ' 'E:

1\bbbbbbbbbbbbbbb

i b3t satotd gk

FTog P R

Ean e e e e e e e e e e e e e e e el e e e e e e e e e e e e el e )

L b

-| I.‘I*I*I*I*I*I*I*I*I*I*I*I*I*I*I* I*I*I*I*I*I*I*I*I*I*I*I*I*I*I*I.-l L I
L

I I NN NN NN NN

L T T

LB e ek b b i WA N M M N R NN

: B .
| -.|b ﬁ' ..-*I
; % IR SRS %
; ':,, ] .. . ‘.*:
: o  RXBIN L;ﬁ-
' T .

il g, -------—-’--—-—-—-:-;-;-m-r:ﬁ T T T T

.
.
LI
T
.1*¥
.1|¥
-1b*
.1|¥
-1b¥
.1|*
-1b¥
.1|¥
-1b~
.1|¥
.".h -
“ v N
-'1 m b F b F bk b F bk Fh b F bk FhFEFhFh R F R R R : b*l*b*l*b*l*b*l*b*l*b*l*b*l*b*l*b*i*b*l*b*l*b*l*b*l*b*l*b*l*b*l*l b'| -
-..
.
“ -
e
-'b*
-'b‘
X
- b* T.l ' q‘l~ LT 1 # 1
r - - - -y -
e .—rmw.hx ﬁi&fﬂﬂ ;".‘;,' E,ﬁ;, @-3,,:1!‘\' ,ifig:'&na.'ﬂ‘:j Ty
) L L el B % " - . "'3 - At
- . 0 H H Pl 5 i
- B . .
-
e
--bb
- b‘
e
-
.
- M ¥ W - T -]
_'1'_.‘- -.H H H H H H X H.:.:.H.H-H!H'H_H“P. Al l..:_'i'lr'. o 'H F H.H O . ~
- n r

L)
[ N I I

E b‘ b* b‘ b* b*

i U
oo W

b‘b*b*b*b*b*b*b*b*b*l -
B b b b b b B E RN =

g sequenee 5 G IngUT SeguEEE 5

:éiéf and oiiney Al -c:-r-rw 5

rmar‘mt mm&ﬂ Ezig_ ¥
: % o i > R TR
] mamemesteng | ] Manmagkng | oo W THERETIEN
§ B AT ST FHRTEY S nEvRSr of possiie
: -g.;E"T*.1-.-r,.'r*'r.-r*'r.wrﬂ,,'h,'h,";;;; ,,"'*",,"',,"',,*;;,,*,ﬂ,,*ﬂ;’;;,ﬁ*.,'rf;‘;r?E- EE. .,*,",,",,"-,,";,,"-,,'h,",,'h,*ﬂ,,*;ﬂﬂ* ",,"-,,",,",,*,,*,,‘F,,*,,‘F;,,*,ﬂ;,ﬂ;;.*.:?;.EE ‘Eh ?ﬁa ﬁ
H Hsporungot B H  BHepodugo B
- 1Sl rEEUie :

-

T BAGE BARCHEN

AR O

R e e e e T e T T T T T T T i T

HER8S 10 b tested et
A Drgarden resuls reparied

- '| b r b*b* b*b*b*b*b*b*b*b*b* b*b*b*b*b*b*b*b*b*b*b*b*b
. L] I [ ] I [ ] I [ ] I [ | I [ ] I I [ | I I [ ] I L B ] [ | I I [ ] I I I I I [ ] I I
Ll Ll Ll Ll n Ll Ll n Ll Ll n Ll

'
a4 a a .
LI L O . O B

b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b b*b*b*b*b*b . = -

IIIIIIIIIIH--

US 9,529,891 B2



U.S. Patent Dec. 27, 2016 Sheet 8 of 18 US 9,529,891 B2

st 1 a4 a
DL L L L O D
a 4 a

| F i3
Forivate B

rElabass

E
[
b‘b'b‘a'b‘b'b‘b'b‘b'b‘b*b*. -

L L N
LI O ) F kb ke r ek ko

] FrERE
e A N N
"k kb kb h -

T R e R

-

|
'r*b*b*b*b*b*b*b‘b‘b‘b‘b‘b‘b‘b*b*b* F b‘b‘b‘b‘b‘b‘b‘b‘b*b*b*b*b b*l -
% b b b bk b b b b B b b B B bk b & B bk b b b b B bk bk B bk bk b b kb -

* ¥

T

EN ) »

- '
lqul-ll-ll-ll-ll-ll-ll-ll-ll-ll-lldrl .

L ™ e e T T T T T T T
4 R F FFYrYTYYTYTYTr g

2 -
. -
ke .
T .
ST "
T -
. 1.* N -
S1EK AT :: s
LT l. ! X. -I'i- i- W 'h-1‘ ) i P
L A
ST V"
T -
) A
. 1.* A
.".: o
- .
L et o o e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e
SRCTLIE SN 3 S At 0 N S aE 0 E S el 0t 0t et A e t et At L

vl SENUENEE BT N |
A meamant of e desirad goe f

COE Sa ool nl il nlnln el nnl el nCnl el el nl el nn et e alnl il nl i nl el n el el nnl el el el el el n e el el e e el e el R
L 0 N ol e el o o e e o e e e e e e e et e e el e e e e e e et e e e el e el e e e et e el e el L

q  rash every R tain s |
LIS W Exa m&*ﬁ:.m
{_renvesenng by an et neger |

1:* ; - e ™y T " ."-\. - !,'.q* . . .-_.,q'. %K:
¥ A FOCOTEE DYGAREM 1 Bt of 5 :
1:" . :'r l:
"y —r qu e Y -
: EEATES e figshieg e i
q  oroanisme for the hashed segmem B 3 :
" ' : . i
::.. A A AN A N A A A M A A AT ;: T i et

) -‘. 'r*:.li*b*h*b*l*b*h*b*i*b*l*b*h*b*i*b*l*b*i*lr*h*b*i*b*l.*lr*i*b*l*b*h*b*i*b*l*b*h*b*h*b*l*b*i*b*i*b*h*b*h*b*i*b*l*b*i*b*h*b*l*b*h*b*i*.,*.*..' b - ' ST L et 1‘.4‘*4‘.4‘*4‘.*b*il‘bl‘.l‘bl‘.l‘bl‘.l‘bl‘ll'bl‘.l‘bl'.l‘bl‘.l'bl'.l'bl'.l'. l‘:‘i bll" ': -




U.S. Patent Dec. 27, 2016 Sheet 9 of 18 US 9,529,891 B2

¥ b*b*b‘b‘J-‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b‘b“ b* I L
= 4% F h F b F b Fhk Fh bk FhFh R F R Ry -

o i—‘lkﬁj{aﬁ & kS Pyt : o om ke cTe e R o

< R A At seiencs B
iﬁﬂ:giﬁ- nﬁ A g | | 2

Chenry dainbase W organiEme with @ similiar

] BRCUANTST, GEINMTENSE By ﬁepﬁr_ﬁﬁﬁagﬂ o maehing

TR SRS SRV B IeEiehing thrasnaid

d Create g B ool 8 reamed ciganisms

.. ‘-"."'.*..*.*..*..*..*.*..*.*..*..*..*..*..*.."'..*..*.."'..*..*.*..*.*.."‘.*..*..*..*..*.."'.*..*.."‘..*..*..*.*..*..*.. ; erq-idrbariarblr.erq-.#bariarbdrharbq-.erariq-blrharbarilrbarlq-blr.erq-idrbariq-b#.#bq-.#b#.arb#.#bq-.#.Ir Ir

ek e oy w

4 a2 a .
rFrrryryrryyr - s g "

x

v oa
a om0y
T

Fapriee e Rashed SROUSHDS SREIMEN; RN
4 compae 1o ot seament of N DU SennEnce

g
CRganEeny PPean fist

HHHHHHHHHHHH"-"." AP N A AN NN MM N N K KK N
I‘I:rl"'l'.hlulllllllllllllllll

EL L A

I*I L]

r

T
FE |

¥ i i i iy i ke i ke koo
L

VGRS EADAT SRIRURRDR

o Ny e -
Bt SRS B AT

BT REnaining
CIGAMHEMS Al
TOEF SO

i




U.S. Patent Dec. 27, 2016 Sheet 10 of 18 US 9,529,891 B2

-,

<

dute-Core |
i

Ak e LR B R BN

Wutii-Core etli-Oore
' .:: {::F-;

-
b oo nd b I I N R :[;

”

FUs h

Adusbtipde |

R ¥

' L] L] LT | -

r o oEslA LV e

u I‘T -.l ;J TJ I‘TI .l -1.I I.' I‘T

.“‘- K.ﬂ K.It ﬂ.ﬂ K.ﬂ K.It ﬂ.ﬂ I‘.ﬂ E.K ﬂ.ﬂ I‘.ﬂ E.K ﬂ.ﬂ K.ﬂ K.It ﬂ.ﬂ K.ﬂ K.It ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ I‘.ﬂ E.K ﬂ.ﬂ K.ﬂ K.K ﬂ.ﬂ K.ﬂ K.It ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ I‘.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ K.It ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ I‘.ﬂ E.K ﬂ.ﬂ K.ﬂ K.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ E.K ﬂ.ﬂ K.ﬂ ' .
= & & F &% Fh Fh oy Yy Y Y Fh Fh b h Y Y Y Y h Yy Y Y Ry N Y Y h Y Y h e h Y Y Y h Yy Ry h N YR
= 4 = 4 = 34 = m = 34 = m = 4w = w = =m; = m m 4 m 4 om o4 om om om g om om om g om o m o m meom o mom o m o m o mom o m o m m m 4 m 4 m g = 4 m g = m m mom 4 m om om0y om om om o m o om oy om g om g om g om o mgom o m omomgom om om o m o m om m g om m = 4 m g om m m g om o om omom o om om om o m o= omg o m g om om o m ogomogomomeomogom omomom o omom om ogom om om0y om ogeomomomomeomomgomomeomoy o= oqgeomomeomoygeomogeomom o=

FIG. 10

a
R NN
R R L L L A L A A L L R L A L A A A A R A R L R L A A L A L L R L AR L A A A A R L R L R L A A L A R A R A L A L A A L L L L L L N

N
¥
X
¥
I
x
X
I
x
¥
I
x
¥
I
i
X
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
X
I
x
¥
I
x
¥
I
i
¥
I
x
¥
I
x
¥
F's
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I

- i
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
¥
I
x
§




U.S. Patent

Dec. 27, 2016

Sheet 11 of 18

US 9,529,891 B2

Atabane 4

R L L U O L U T O R R JO O R L O O L O O L S L
Fkkrk Fr ke ke bk ek kb ke bk e e ke bk i

l'

LT N N N T N T N T TN TN TN T N

I‘ WA A A A A A AN N N A A A A A A N A A

R T T T A T T T N

I|-d|-d|-

SIS ol e el anl el el el el el el el e el el e e e
. I-lb#?#tl‘t#?l‘tl‘t#t#t#l‘#l‘#l‘#

bbbbbbbbbbbbbbbbbbbbbbb

#bl-l'I'l'I'!'I-l'I'l'I'!'l'!'I'!'I'#t#t!‘l‘#l‘l‘tl‘l‘#l‘l‘l‘l‘l‘#l‘l‘l‘#

F'rrrrbrrbrbrrbrbrrbrbrrbrrrrbrrlrlrrlrlrrlrlrrrlrrirriririr

nor oo

LA A A A A N N A A A A A N Al A A A A A A A A A A A A Al A A A A AN A A A A A A Al A A A A A A A A A A A A A e WA A A A A A A A A A A A A A A A A A A A A A A A A Al A A A A Al A A 'blr

R T o A T T O T N N NN T e

L L L L L LR L L L L L
b*b.‘b*b'b*b*b*b*b*b'b*b*b*b*b*b'b*b'b*b*b*b'b*b*b*b‘-b*b'b*b*b*b*b*b'b*b*b*b*b*b'b*

o e

o e

o e

o e

L]
L]
L]
L]
L]

rrrryrrrrrrrrrrrrrrr.r rerrrrrrorrr.rrnr-s=

L T T T N TN T NN

aCJnC e n el al el a el el e e e a e e el e e
b*b*b*b"b*b"b*b'-b*b'b*b"b*b"b*b'b*b"b*b"b*b“b*b"b*b‘-b*b"b*b"b*b"b*b"b*b"b*b'-b*b'b*b"b*b"b*b'b*b*b*b*b*b'b*b*b*b*b*b.I.

K

ol

.\_

- Ky
- - :b . -‘.‘-‘.‘I‘.‘H‘.‘-‘.‘-‘.‘-‘.‘-‘.‘:‘.‘-‘.‘-‘.‘I‘.‘-‘.‘-‘.‘I‘.‘-‘.‘-‘.‘-‘.‘H‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘I‘.‘-‘.‘-‘.‘-‘.I‘H‘.‘-‘.‘-‘.‘-‘.‘-I‘.‘-‘.‘-‘.‘-‘.‘I‘.‘-‘.‘-‘.‘-‘.I‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘%‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘-‘.‘ |
2. bb*b‘b*b*b‘b‘b*b‘b*b*b‘b‘b*b‘b‘b*b‘b*b*b‘b‘b*b‘b*b*b‘b*b*b‘b‘b*b‘b*b*b‘b‘b*b‘b‘b*b‘b*b*b‘b‘b*b‘b*b*b‘b*b*b‘b‘b*b‘lr*b*b‘b‘b*b‘b*b*b‘b*b*b‘b‘b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b‘b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*lr‘lr*b*b‘b*b*b‘b‘b*b‘lr*b*b‘b*b*b‘b*b*b‘lr*b*b‘b*b*b‘b*b*b‘lr*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘l .
- [ % B % B % B 5% B % B % B % B % B % B % B % B % B % B % B8 B % B & & 'l I % B % B % B % B % B 8% B &% l 'l B % B % B % B % B % B % B % B % B % B % B % B % B % B % B % B % B 5 B % B % B 5 B % B 8% B % B S B 8 K 'l l 'l B % B % B % B % B % B % B % B &% B % B % B % B % B % B 5% B % B % B 5% B % B % B % B % B % B % B S B8 B Y BN K
I, L] -
o .
tf ﬁ -m .ﬁ . ﬂ' F‘ﬁ ﬂ E .
Ei E'I- Pardrd Nl '_;
P
.
- .-_;. g 4
: .
- N 1
. .
. .
. .
. .
. .
. .
. .
. .
. .
; . . .
- . = "‘I' . - # T .
- A Fom TR e A gy ] BT - b -
h L] ) r
. T R .

¥ ¥ ¥ ¥ Y Y Y Y Y Y Y YYYTrTrTrTYTyYITrTTrTTrYTTrTrTrrrrrrrrTrras

-

a
i"i"i'*i"i"i'*i"i"i'*i"i"i'*i"i"i'*i"i"i'*i"i"i'*i"t‘t*kqtqt*kqtqt#i’" aa

L)

I Qrion 1 DG 2

2% ]

L]

r

LA

L)
1

L]

PU_ g g gn g gn g gn e g gm gn e gn e g e
IIIIIIIIIIIIIIIIIIIIIIIIII

b*

’b’b‘b’b‘b’b’b:b’b’b’b‘b:b‘b’b’b’b:b’b’b’b’b‘b’b:b

r
[ ]

HE A N
A 333 AJ3A 33 dd3 333333 ddN3E NN EEdANEESEAD

b:b’b‘b?b'b’b'b'brb'b'b‘b’b’b’b:b'b’b:b'b:b'b'b’b'b'b‘btb'b’b'b'brb'b'b‘b‘b:b’b'b.

L

r r ik kel brbFlrFrFrrFbrFFrFFErFEeFErFEeFEerFeFEeFeFie
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

L N A N ]
13333313l 3d3ldd3d31dd3d31dd3d31dJd3d31ddAFEIdd3d3Idd3d3Idd3d3ddd3d3ddd3d3ddd3d2ddd3dEdEdEdEAENSNED

&k
Tb'b'b’b'b'b’b:b'b’b'b'ETb'b'b’b'bTb’b'b'b’b'b'ETb'b'b’b'bTb’b'b'b’b:b'b’b'b'b’b'bTb’b'b'b’b:b'b’b'b'b:b'b:b’b‘b "
-

I A N A I A I R A O ]
il P, e

¥

¥
.

.

.
L

L)
L]

T
r

L)
L]

T
L3 ]

.
ki

L)
L]

T
L

L)
L]

TG

T
r

L)
L]

T
L3 ]

L)
L]

A T

P
L]

T
r

o T
L N

L)
L]

T
L3 ]

L)
L]

1
L

-.b*
- LI D DA B DR TR BN IR B BN BN )
Ll Ll

br#*##*##*&####*&#*&.Jr.ariar.#.#.&.#.*.#.#.*.&.&.*.&.#JrJrarJrq-JrJrq-JrJrJr:rJrq-JrJrJrarJrq-JrJrq-JrJrJr:rJrq-JrJrq-JrJrq-JrJrq-JrJrJrarJrq-JrJrq-JrJrq-JrJrq-JrJrq-JrJrq-JrJrq-JrJrJr:rJrq-JrJrq-JrJrq-JrJrq-JrJrq-JrJrq-JrJrq-JrJrq-JrJr4-Jr.Jriq-.lr.Jriq-.lr.#.q-.lr.Jriq-.#.ariq-.lr.ar&##&#*&#*&&*&##&#*&#*r
. . .

AR




U.S. Patent Dec. 27, 2016 Sheet 12 of 18 US 9,529,891 B2

.
-3 -
T e
el -
-.'rq. Jrl'
-9 g
7K .
-7y iy

.
1|r*4 L

R R N A A N N A N A N N N N N
IHHHHHHHHHHHHHHHHHH1H?¢H?¢H?¢H?¢H?¢H
Mol A A A N A A A N A AN

et el el el
r.r !-.l-ll-.l-.l-.l-.l- LIl

A A A A A
A il ol
n

L0 )
b:rﬂ:rﬂ;rﬂb#ﬂb#ﬂ;rbq-blrbq-bq- ¥

IIIIIIIIIIJ.
g q-:.\-:.\-'_'-'-
e e i e T P I

..
B AL S BE S aE 3 20 a0

E ] - .
b‘b‘b‘b*b*b*b‘b*b*b*b*b*b*b*b*b*bb'!.- .
" = & & &% &% &K &N & &K & & K & §F § §F =

- 'r“b*b*b*b*b‘b*b‘b*b‘b*b‘b*b‘b*b‘b*b‘b*b‘b*bﬁl‘t k‘k‘t‘b*b‘b*b‘b*b‘b*b‘b*b‘b*b‘b*b‘b*b*b*b*b 'l -
. IIIIIIIIIIIIIIIIIIII bIIIIIIIIIIIIIIII\I

e .
o
[ ]
o
-
.
X -
L]
I
L]
X
L]
I
- N -
i x -
. P
i -
.
i x -
]
i x -
[ I
i * -
[
] - .|-b|.-
o b
: ) KHFHHHHHHHHHHHHH“HH1’!HHHHHHHHHHHHH‘H" s
1 HHHHHHHHHHHHHHHIHHHHHHHHHHHHHHHI * -
] - Tl
i
i
]
]
i y
1 - x
.
*
i R
L)
1 L)
L)
1 L)
r &
i L) -
L)
i )
L
i e
-
)
1 W
r &
i e
L)
i e
r &
i L)
L)
1 L)
Yy T . . .
- K ]
: n.rP'rrrrrrrrrrrrrrrrrrrﬁ#a?xrrrr?rr?rrrrr?rrrrrr#u W
Ll ) - | -
i '1"-.'-'#';#Jrq-:rarar#####q-#####q-## ‘t".u .
] -lbbbbbbbbbbbbbbbbbbbbbbb | b" L]
I - -
I - .
.
i - -
] 3 "
M .
. aly e . s
i AT . - - P
! et A
] -'r; 'I:. J"Ju-"-
1 1,,.* . S el A . . - R
r . . . [ . - Y
] "y . Sy . Al
r - - . I on
i N . R
¥ L . Figis
- 3 =1 FERAT :
r O . . - L]
] ..4, LR i g T A -
v - . . I on
] Ty I .o, L
L. L L]
] e iy -
L. . i -
] -q. _—i
e BN EREEEEEREEEEEEEEEEEEEEEEFEEEEELEELEEEEEEELEEE LR L] ¥ -
] T N N
] . .- ] [
] t*q-‘q-‘q-‘q-‘1-‘1-‘1-‘t‘t‘q-‘q-‘t‘}"‘q-‘q-‘q-‘t‘ - - - 'abb*b*b*bfb*bfb*bfb*bfb*bfb*bfb*bfb*bfb*bfb*bfb*bfb b:b‘ETb*bfb*bfb*ETb*bfb*bfb*bfb*bfb*bfb*bfb*blbbl.- -
I PR .-. .-. .-. .-. .-. .-. .-. .-. .-. .-. - .-. .-. .-. .-. .-. .-. .-. .-. .-. .-. .-.- LT
i
I . .
] T L.
] -:l: W
X .
] -IFJ.-' Jr‘r-_
] A [
] -:4. ‘:".
] ) & .
] -:4 .:i-
] L Y
] Ty 2o
] -'r; ‘*j-
] .-'rq. ‘Jr."_
] -:q. 1-:1.- b
| ) - s .. - - - AL .
: ‘..: o~ a-".--" '.--a-.--a-.--.--.--a-.--.--' P F_._x_._l :..'.
N . .
1 L) e e e e e e e e A roe - * -
1 . o " o e e e e e e e e e e e 1 -
] T T T T Tl T Y - -
i
i
I - - - -
i =
.
i -
- .
| *r. .
L] ,
: N . . 1 "
[ 3 " ol
] b MM W M M M M W N M W MW W M MWW N -
[ R AR
] . Mo M M M M AN AN N NMNA - "
] LN -
'
| .
N -
] A . : " .
] a0 - : - - : -
] LN 3 - - - R
] |.r' " -
. L i v N -
] -*.I'. - q-~| q-"-
: T T ll'b:..' ) *:" ':'
1 . - L - 3 -
| bbbb*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b* b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*blbbl.-. - - - :“: - :‘l.' 1
= = e momoqmogmomoamommonmnmonomoymoo=o o= P N R R R R R N . .
] & - -y -
K [ Y
] I .
] ‘a.- .‘a.-
] ‘_a.- _ - ol
] - S .
] q_a.- .‘a_-
. ™' au
i N -
o X r
: g T
.
. - P
] - -
I - -
i
i
.
i
i ' -
i
i
i
i
I -
i
i
i
i
i
i
i
i
i
i
i
'
i
i
i
i
| .
] . ]
] o . - ..
R ' “ . . -
i -'b* J.-.- -'-Jr P -
] . & [ b '
AL X - L) i = -
] Lo - L b iy -
] 0 I el e Tt ;
i '-.i'* 4-.-. _-*4 q-*-_ - -
] N T “eh e - .
. 1 gL - x - o L "
. LN * o o . -
e !I'E’H't &!' E'l EE' !'="i i!:‘iE' :
" " .
e - +a T
-.h* . . . .. *.1. -1‘.* q-*-. r b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b *b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b*b‘b*b | ]
1l‘.ﬁ *h-- -1-* ‘*.- - = % 'a.'a.'a.'a.'a.'a.\.\.'a.\.\.'a.\.\.'a.\.\.l- l-.'a.'al'al'a.'a.'a.'a.'a.'a.'a.'a.'a.'a.'a.'a.'a.'a h = -
LI ) LI - v a i - .
c:;::: mtggzg
LN X I?dHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHI L
:':* :' -':b:*:ﬂrJrq'ar:rJrA-JrJrerrJrA-JrJrA-JrJr###4-##4-##4-##4-‘##‘&*:':'-
[ I ] [ ] % F ek F r e r e f r e f Frfrrlrrr e rFlF Y-
X ] ] x - e e e R
"ﬂ’rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrun‘.
R e ..
Ty b=
CIE T i i

- 8 F F b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b s =

- N " -
q-q-q-q-q-q-q-q-q-q-q--rq-q--rq-q--r-rq--rq-q--r-rq-qu-
b'|bl"I"I.‘I"I“I.‘I.‘I'-I.‘I.‘I'-I.‘I.‘I'-I.‘I"I“I.‘I"I“I.‘I"I.-I.‘I"Ib'lb-l.-



U.S. Patent

..
o rrra
ax

RN

-hq-h-b-h-b-b

T
L

T

Dec. 27, 2016

Sheet 13 of 18

EEFEEREREREFFL

Y FREER L

r Lo

US 9,529,

391 B2

a1 -
R - 2y
IE:E . T KT
] - -
C rl - "'5 . .. o
- - - - - - - - .
. - . e
- 1-._1_
- - - »
? . ‘#*:.
W . - 2 LN
' - - - - x -
. - . o X h
- -_111 W - ] - wor -
oy w' !a'x Pt R e e o e S
- . .
. NN NN i AR e e R A e e A L
. Ten o AW ¥ Pl
" LA aT el e e e e e ll‘_Jrr _|4'_ll*I*‘_*"_“_‘*‘*‘*‘*‘*‘*‘*‘**I*I*ib,‘l_'
- O L I I e e e e e e e e e L TR R R Y
b-rbb*b“b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*bkh.-1- LR R e e R ke b e
.
gﬂ with frat g
v
.
R
V.
.
E‘ -! E‘ﬁ t SF IE‘ '
-
1]
g
l-
. bn-__a-}a-bq- .."‘ .."' .."‘ .."‘ .."' .."‘ .."‘ .."‘ .."‘ .."‘ .."' .."‘.."‘.. e
.
= 1.8
.
-:lr:
e
"
-*q.
"y
-'rq.
1:4.
e
-Irq.
b b""b""b'*‘b""b""b'*‘b'b'b"' 1, ""b‘b‘b""b""b'b‘b""b""b'b r l
L] ﬁ H H H H H ﬁ H H ﬁ H H H l L] L] H H H H ﬁ H H ﬁ H H H H H ﬁ H -
B T e
A A AL o o AL
A A A e
- .' - - L] L] - L] L] - L] L] '|.'| L] - L] L] - L] L] '|.'| L] - L] L] - L] L] '|.'| L] '|-'| - - '. -
N T LI
-:_q. --:q. . :j-1-|
e o p
. el T s
fﬁﬁﬂﬁ‘ ﬁ E"}-
. erw X
. Py e
"'y g™ .
. LA T
.o - .-.r ﬁ A
Lol T .
. . T
" ew o
-y “xte Wt
r . . P . . L
:b:* ﬂ"ﬂ.HF-"F-HF-HF-"F-"F-HF-"anﬂunﬂuﬂﬂuﬂﬂnaﬂuﬂﬂxﬂ;.‘-"F-"F-HF-"F-HF-HF-"F-"F-HF-"F-HF-HF-"F-"F-HF-"H HHH-HF"FHF"F"FHF"F"FHF"F"FHF"F":Hﬁx: l.'Hl.'HF'Hl.'HF'HF'Hl.'HF'H"H"H“'ﬂ"ﬂ"ﬂ"ﬂﬂﬂﬂ **.1:'_
T LI N ) . " [ U
- .b,‘1-.-rl‘q-.‘-'-r'-‘-.n._--'-'-.‘-.-._-'-'lr o e e e
- = = h b b b B B B Bk E kO E Rk -
o
-
'-; e
. .
" x -
"l X
-"4. .. ‘.*.".
.h* . Ce . LT . _..*.
" . . . s L . P
.ﬁ* L. ) LTt Lo L. Tt - '*..-'
» - )
v SeE e TEwlient
X | _ el "o 8 - 10 _ x _ W
v - - st s - - -, T, P
2y oL . . e
N . . v
- S{za
'*4' e . 'i'*'
A 1-*-
r - ] ] - ] ] L] - ] - - ] - - -
. . ¥ ‘.ﬂ"ﬂnu -"F:H- lﬂﬂﬂ. -"F:H- -"ﬂ"- -Hﬂ"- -Hﬂau'-"ﬂ"- -;. -"- -"F:H- -"F:H- -HF:"- -"F:H- -"F:H- lﬂﬂﬂl -"F:H- -"K-q . *. -
. rX -
h bl b*b*b*b F ik b*b Frrrh i ***b‘b*b‘b*b*b*b*b*b*b*b*b*b*b*b*lbl
LI ] LI | h v h & % & & & §F K §F §F K § § = = -
.
. .
--111-.11-.1.11 ahnnmanaaaaa . fmmmmmnaaamaaaaanaaaaaaaaaaaaaaaa s
- | BN
. .
‘_P e e
- L I |
-y P
Ty Tat
. r e
e - -
iy . - - " N
"B I L 3Ll
I: ' -' q-:i_
“x i:l “eh .
Yy N T
l*‘ 1~_I- q-".
“utay - et -
LI , tl.: LI L ]
o ¥ N -
Tt "t e
E e ‘. -m . »
""n"n'a'nnaxu!xnax Fararu'xunuana"a"ﬂ"a“‘ -y laaiuxaxaxnuiuuaxnuiun"-'xnunxaxnnaxaxnna"n"a":
s e e A e e - AN R AN A i i e e
O o A e 3 o e e e e e e e lrlrlrqu-lrlrlrlrlrlr-rlr-r-r-r_-_- S e e e e e e e N L SO N R o e e e e e e 20

v L ]
- h 'b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*

F
.nr,."'

[ I BN B DA R N BN N I | LN TN BN RN BN L B R
- - [, [ e e e e e e

L L R l‘l‘

jm@v&ﬁ ﬁqu&n &Eﬁ Egment
' Rz

b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*l .
e R e e e R T e R R T R

T v ki rFr rFr F rr if kv r
=4 m o om oa -
e e ey

4w ey i i e e i e e e e e

F)

" = - R
~ - n | I |
1“ [ ] .k l"l-
e s
. P v
Ty P - o
-y " ..
o e A
r P x -
=k ] [N
e et o
r P -
-y - NG
"'rl‘ *b‘ ‘JrII
r PagaL) ¥ -
X . * =
o N .o
2R LN L
. e \ LA

R N N N N N o e e e x'.
N e A U B N Ilrl'rI R R e L
luuunuuunuuuun T e e,

O o o o o o e e e e e

A T e
BLALOL M 0 0 0

I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I"‘*i

'l
"1

OO T e T e e e )
--"-1bh'l.‘l'h'l"l"l'I"l'h'l.‘l'l'I"l"l'I.‘l'h'l*l*l'l*l*h'l‘l'h'l*l
= % = 3 3 7 " 7 7 7T 7T T T T T T T T TTTOTOYNoTm LI ]

. 'q-'_-'1'1'-*-'-‘_1*-'-'-'1-'1‘_1*-'1'_-*1'1'1*-'1'_-*-'-‘_-ﬂﬂﬁﬂb .
" L] L] LI ] L] L] - L] L] L] L] L] - L] L] - L] LI ] L] L] - L] L] L] - .

S !‘_u'&:ere @:;a.tani::

tE! F':"E'! E"I;I'E' B.FI

-\.b*.. .H -
.
1] -
e R S Sﬁg‘ﬁ Eﬁtii:’:ﬁﬁ
~b4r|-l- lal\:'- =
E ] - i i W
o L ET ¥
l# I?d:'l . - b m -
- L i - . . - Y - = = x_&
"'1"-*4-'; i, R e
Lo i
BRI I';:En"":-'
- L) i -
R R I A X )
PR P A -
EE R ) Mo e e W]
LA ) A a0
R o ] i
QLN LN e,
LI ) n'i'.t:. o
AP ri™
. L ) Ll el
NI M Mo e e
R o e e e



U.S. Patent Dec. 27, 2016 Sheet 14 of 18 US 9,529,891 B2

-l .-
e IJFI Lliiﬁ‘l ff E‘tﬁ
v oy - - -
X . .. I
- . . - . . - n
. "y -
| qul.l@n *E‘EEFHE’FIE
- rm X -
e . B u
L - - - - .I-"-.
[ - i
L]
. - P e = . ' . . -
. N . . - . W .
WERL ST O TUT
.- E B - v -l M
'HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH‘H‘I‘ ) ’ ) ' toT o BRI ) .
ML BRI A A e T N - - .
. L & & N » Y X E - - T .
-11.Iblll.‘lll.‘lll.‘lll.‘ll * ll.‘ll‘l"lll.‘lll.‘ l' *&'h*nli'ill.‘ili'ibibn.- . w.&qu m L”E -
- - ... LT - - - -.-. . -
i ) L] " - L . .
g Semrments -
. r i - o
X - . - - . 3
. A, EoA A A A o A
L] .HHHHHHHHHHHHHHHHF"HHiHHHFHdidFHHHddHHHHHHH
- .
L e - Ir:#:-' "IHl"I"IHI"I"IHI"I"IHI"I"IHI"I"IHI"I"IHIxI"I-I" . "I"IHI"IKIHIxI"IHI"I"IH . " ._l‘ o=
X BT S S S e T e e e P e e T e P I b*b*b*b*b*b*b*b*b*b*b*b*b*b*b*l* Lo
o L T R T L I R I R L L L L L L D I DL L L L L L .
-I‘Jl_
-I“_'_
-I“l_
& = T L N IR LI R R I T T T T T - A
- L ] -
L LN EIRL] . X Lo o.
RE - . e . . . . . . . . G e e . . . . -
.RE. RN . . - - . i -
o - e - .o . - -
. - T . - .
L) L ) b e ) HH 4-'1-**1- R : Iﬂ !:ilﬁ-I i r! ;1.
. - . - - . -
bl‘l‘l‘l‘l‘!‘l‘l‘l‘l‘l‘l‘lll‘l'l‘l‘l‘l‘l‘l' l‘i'l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘!‘l‘.b.*."l_'_ ; _"\' Jr.'
- - - - T - - - - - - - - - - - LT, - --*.‘ 2o - L. ‘*I.
- _.,.‘., e .-. . ) |.*|.'
- A = 1777179911777 31 a1 7797719113999 = -".' T T - -lh- l-:- . .,J".'
- " m = = = mommEEomEEEEEEEE " = = m m m Em EEEEEEEEEEEmF = I E:E EE H . x
- o ' L .. L - PR = . .,".,.
. om - . v - - A . . . St x .
1-|-~_i'. _ 1 . _ #."_ . b‘.' “ﬂ. . . . - . . - . . B . . B . . -" q-*l.'-
N & - i - . L -
2 e - A - o M
L ] . l# il"!l.!.l.l.!.l.l.!.l.l.!.l.l.!.l.l.!.l.l.!.l.l. l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.l|.|.|.?¢l o o
L L] "'l“ FE I i i i HHHHHHHHHHHHHHHHHHHHHHH <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>